This case-comparison study explores the underlying mechanisms of imitation problems in school-aged males with autism. Analysis of congruent error types in their imitation performance was made and compared with appropriate comparisons. Fifty-five males (eight low-functioning with autism: mean age 6y 2mo [SD 7.6mo]; 13 low-functioning with learning disabilities: mean age 6y 3mo [SD 2.8mo]; 17 high-functioning with autism: mean age 8y 9mo [SD 11mo]; and 17 typically developing: mean age 8y 8mo [SD 11.6mo]) were assessed on 18 single gestures and six sequences of hand postures. Imitation performance was videotaped for blind scoring on 21 possible errors by two independent observers. Results revealed that in both groups with autism, imitation required far more effort (more attempts) than in the comparison groups and was less precise (more spatial errors). Typical for low-functioning participants with autism was their less mature imaginary grip in transitive gestures. Typical for high-functioning participants with autism was their preference for immature mirror-image imitations. These observations support the assumption that the underlying mechanisms in motor imitation problems are linked more to the action production system and less to the action conceptual system or to behavioural problems. We postulate that the action production system is delayed rather than deficient.
Autism spectrum disorders are characterized by impairments in social interaction and communicative skills, and by repetitive patterns of behaviour. The Diagnostic and Statistical Manual of Mental Disorders, 4th edition, Text Revision (DSM-IV-TR) includes imitation problems among the diagnostic criteria of autism, but restricts these to a lack of social imitative play. 1 Nevertheless, motor imitation problems, especially those of gestural imitation, occur in low-functioning as well as in high-functioning participants with autism. [2] [3] [4] [5] Since Rogers and Pennington 2 rejected the theory of BaronCohen 6 that 'asymbolia' causes gestural imitation problems, several studies focused on the possible non-cognitive underlying mechanisms. Rogers 3 draws attention to the neuropsychological model of the action conceptual and action production system in adults with acquired apraxia to further research on imitation problems in autism. 7 Leiguarda and Marsden 8 linked this neuropsychological model of Rothi et al. 7 to the kinematic analysis of errors made by patients with limb apraxia. Their scoring system distinguishes four types of praxis error: content, spatial, temporal, and behavioural. Content errors are typical for problems in the action conceptual system. Spatial and temporal errors are typical for problems in the action production system. The use of concrete objects (the participant performs a transitive gesture with a real tool instead of an imaginary tool) and no responses can be due to behavioural problems. 8 The findings of our previous study support the notion that mainly perceptual-motor impairment and not poor conceptualization causes imitation problems in children with autism. 9 In the present study, we investigated in depth the imitation performances of the same participants. The scoring system of praxis error types of Leiguarda and Marsden 8 were used. We formed three hypotheses for this study: (1) the lowfunctioning and high-functioning participants with autism will make the same types of error during imitation. We will call these types of error congruent for autism; (2) the analysis of these congruent errors can explain to some extent the underlying mechanisms of motor imitation problems in autism as linked to the action production and/or to the action conceptual and/or to the behavioural system; and (3) by comparing these congruent errors with the findings in the literature on imitation development in typically developing children we can explain the phenomenon either in terms of a delayed or deficient imitation system.
Method

PARTICIPANTS
Fifty-five males participated in this study (Table I) . IQ level was based on data from their medical records. Because several intelligence tests were used (Revisie Amsterdamse Kinder Intelligentietest, 10 Snijders-Oomen Niet-verbale Intelligentietest, 11 Wechsler Preschool and Primary Scale of IntelligenceRevised, 12 and Wechsler Intelligence Scale for ChildrenRevised 13 ), the participants were simply classified to a group with cognitive impairment (low-functioning group with an IQ<80) and without cognitive impairment (high-functioning group with an IQ≥80). Eight low-functioning males with autism (mean age 6y 2mo [SD 7 .6mo]; range 5y 1mo-6y 11mo; IQ range 55-79) and 13 low-functioning comparison males with learning disability* (mean age 6y 3mo [SD 2.8mo]; range 5y 11mo-6y 8mo; IQ range 55-78) were recruited from special schools for children with learning disabilities. Seventeen highfunctioning males with autism (mean age 8y 9mo [SD 11mo]; range 7y 5mo-10y 5mo; IQ range 80-124) were recruited from special schools for children with learning problems in spite of normal intellectual abilities. Seventeen typically developing males (mean age 8y 8mo [SD 11 .6mo]; range 7y 5mo-10y 6mo; with a normal school career) were recruited in mainstream schools. The participants with autism were diagnosed at the University Hospital, Katholieke Universiteit Leuven, Belgium, according to the DSM-IV-TR diagnostic criteria of childhood autism. 1 Males with a clear medical condition that could account for motor difficulties (e.g. cerebral palsy) or imitation difficulties (e.g. severe visual perceptual problem), and/or who had attention difficulties (e.g. hyperactivity disorder) were excluded. The parents gave informed consent before their child participated. Ethical approval was obtained from the Ethical Commission of the Katholieke Universiteit. 18 The six sequences of gestures are the sequences of the nonmeaningful hand postures reported by Kimura and Archibald. 18 Scoring system of multiple error types We completed the praxis errors type of adults with acquired apraxia 7, 8 with two additional errors: smoothness and compensation strategies. Twenty-one possible errors were subdivided into six error types: (1) spatial errors (partial imitation, amplitude error, body-part-as-an-object error, configuration error, direction error, synkinesias, unrecognizable response); (2) temporal errors (errors in timing, occurrence, sequence, deletions, additions, and transpositions of an element); (3) content errors (other content, perseverative error); (4) behavioural errors (no response, use of a real object); (5) smoothness error (more attempts); and (6) compensation strategies (successive set up, compensation by the help of the other hand; interruptions to organize the performance). Dichotomous scores were given: score 1 for an observed error; score 0 if the error was not observed. An additional observation was made to judge if a mirror or no-mirror-image imitation was used. On the scoring form there was a blank space for alternative errors.
PROCEDURE
The participants were individually assessed in a quiet classroom by a trained investigator. Before the demonstration of each gesture, the child's attention was attracted by calling his name. Single gestures and sequences of hand postures were offered in a randomized order. The participants were free to imitate using their right or left hand. For the meaningful single gestures the participants were allowed one attempt, for the non-meaningful single-hand posture two attempts, and for the sequences of hand postures three attempts. The best performance was withheld for error analysis. Imitation performances of all participants were videotaped for blind scoring by two trained independent observers.
STATISTICAL ANALYSIS
Group differences for age and motor performance in the low-and high-functioning groups were separately checked with the Mann-Whitney U test. Cohen's kappa was used to determine the degree of consensus between two independent observers. Table I shows the group means, standard deviations, ranges of age, IQ, motor ability, and number of imitation errors. Age differences between both low-functioning groups (U=49.0; p=0.827) and both high-functioning groups (U=144.0, p=0.986) were not significant. The motor abilities of the low-functioning as well as the high-functioning males with autism were significantly poorer than those of the comparisons without autism (PDMS raw scores: U=11.0, p=0.003; MABC raw scores: U=49.0, p=0.001). The relation between imitation and motor performances as well as the relation between imitation performances and the types of imitation task are reported elsewhere. 9 Cognitive and motor ability were recoded as a dichotomous variable: IQ<80 versus IQ ≥80, centile <15 versus centile ≥15 respectively.
Results
CHARACTERISTICS OF THE GROUPS
ANALYSIS OF THE RELIABILITY OF OBSERVATIONS
Errors that did not occur in more than 10% of the observations were considered as clinically less relevant and were not analyzed further for reliability and group differences. These were mostly temporal, content, and behavioural errors (Table II) . Of the remaining observations only those with a (Tables III and IV) were further analyzed on group differences. 
Single gestures and hand postures
When imitating single gestures and hand postures, low-functioning participants with autism needed significantly more attempts and imitated only partly more often and with more synkinesias compared with the comparisons without autism.
Synkinesias were often observed, but only during transitive gestures was the interobserver reliability good enough to select them for further analysis. Males with autism used the body-part-as-an-object grip in transitive gestures significantly more often and a higher level symbolic grip with configuration errors less frequently than those in the comparison group. All other error types were equally distributed between the two groups.
Sequences of hand postures
Three-quarters of both low-functioning groups needed more than one attempt to succeed. They did not differ from each other on this point. Low-functioning males with autism imitated more often only partly, were less accurate in the direction of the movements, and their performance was more often unrecognizable. As for the single gestures and hand postures it was not easy to reliably evaluate synkinesias. In the two sequences where synkinesias could reliably be observed, they occurred more often in the males with autism. The other errors were equally distributed between both groups. In general, participants preferred mirror imitation. There was no significant group difference in the occurrence of mirror versus non-mirror-image imitation for the single as well as for the sequences of hand postures. more often only partly, and the amplitude of the gestures was often too wide compared with the comparisons without autism. However, amplitude could only be judged in a reliable way during the imitation of two transitive gestures. Both groups repeatedly used a body-part-as-an-object grip or a symbolic grip with configuration errors. They did not differ from each other in this aspect. The other errors were also equally distributed between both groups.
ANALYSIS OF THE TYPES OF ERROR IN HIGH-FUNCTIONING PARTICIPANTS WITH AND WITHOUT AUTISM (TABLE IV)
Single gestures and hand postures
Sequences of hand postures
Synkinesias in the contralateral hand or in the face are typical for high-functioning participants with autism compared with comparisons. They also interrupted the movements more often as a compensation strategy. The high-functioning males with autism used mirror-image imitations more often than the comparisons without autism during single gestures and sequences of hand postures.
Discussion
Participants of both IQ levels with autism made more imitation errors than the comparisons without autism. The comparisons were group-matched for age, sex, and developmental level. Despite the overall motor problems of the males with autism, the factor 'autism' was the most predictive for the increase in errors.
Our hypothesis that low-functioning and high-functioning males with autism would make the same types of error during imitation was confirmed. Differences between participants with autism and comparisons were found for two spatial error types, 'partial imitations' and 'synkinesias', as well as for the 'necessity of multiple attempts'. Temporal errors, content errors, compensation errors, or behavioural errors, such as refusing, were not typical for autism. The finding of more spatial errors is consistent with the outcome of BeadleBrown and Whiten 20 in a group of children with severe learning disability with autism compared with younger, typically developing children.
The main purpose of this study was to explore the underlying mechanisms of the gestural imitation problem in autism. According to the neuropsychological model of Rothi et al. 7 spatial errors are linked to the action production system. The findings of this study suggest that imitation problems in autism are founded on a poor action production system. One could argue that 'partial imitation' can also be due to a fragmentary perception of the demonstrated gesture (action conceptual system). Participants with autism probably perceived the positions of the fingers as more fragmentary. Partial imitation of hand postures can be the result. The only study that investigated this topic did not find problems in recognizing and remembering non-meaningful hand postures and sequences in participants with autism compared with participants without autism. 21 The other congruent spatial error 'synkinesias in the contralateral hand and in the face' was certainly linked to the action production system. Jones and Prior have already drawn attention to the numerous synkinesias in children with autism. 22 The 'need for more attempts' was probably also due to difficulties in planning and executing the responses (action production system). Only a child who perceived the actions correctly and understood that his own imitations were not very good would repeat their attempts. Nevertheless, it is noteworthy that in the present study there was no systematic improvement during repeated attempts. Therefore, the best rather than the last attempts were scored for error type. The fact that children with autism, rather than becoming disengaged, repeated their imitations is in line with the finding 25 who postulate that lack of attention for social partners is the source of imitation problems in individuals with autism. Typical for low-functioning participants with autism was their less mature imaginary grip in transitive gestures or the preference for a body-part-as-an-object grip above a symbolic grip in pretending to use a tool or an object. We assume that the action conceptual system of these low-functioning children with autism was intact. They proved that they recognized the imaginary tool and comprehended the meaning of the action with this tool. Still, they reduced the spatial-temporal complexity and performed the gesture in a simpler manner without losing the meaning. Certainly, the bodypart-as-an-object grip error was linked to a poor action production system. Typical for the high-functioning participants with autism in this study was their preference for simple mirror-image imitations in comparison with males without autism. In a study of Smith and Bryson, children and adolescents with autism did not make more mirror-image imitations than comparison groups. 21 Different from mirroring is a reversal error. For example, in copying one hand upwards palm facing forwards, participants hold the palm of their hand towards themselves. In the present study the reversal error described by Ohta 24 and Smith and Bryson 21 in gestural imitation and by Hobson and Lee 26 in procedural imitation was rarely observed in the participants with and without autism. We have no reason to attribute poor imitation performances of children with autism to a lack of self-other orientation in this imitation task or to poor 'theory of mind in actions' as do Smith and Bryson. 21 There are strong arguments in favour of the hypothesis that the action production system is delayed and not deficient in autism. The high number of synkinesias and partial imitations in children with autism is characteristic of a delayed motor development. In a group of typically developing children, Njiokiktjien and colleagues found a constant maturation of execution precision of imitation and pantomime performances until the age of 6 years. 27 The preference of a body-part-as-an-object grip instead of accurate symbolic grip is also typical for younger children. Typically developing 4-year-old children mime on verbal command a transitive gesture with a body-part-as-an-object grip. Three-quarters of 8-year-old children use a symbolic grip with configuration errors. Nearly all 12-year-old children mime with a symbolic grip without configuration errors. 27 When a visual cue is given, 5-year-old children already use a symbolic grip to mime the transitive action. 28 The persistence of mirror-image imitation in older children with autism was a further argument to consider imitation problems as a delayed development. O'Hare and colleagues 28 found that mirroring decreases with age in healthy children between 3 and 12 years.
There are some limitations of this study. First, the sample size of the four groups was rather small because of the elaborate and time-consuming method of error analysis. Second, because of the different ages of the participants and the way they were recruited, different intelligence and motor tests were used.
For further research we suggest a long-term cohort study of children with autism to verify how the quality of imitation evolves over time.
There are some implications of this study for the clinical practice of diagnosis of autism. To expedite the early diagnosis of autism it would be interesting to assess imitation abilities in very young children from a non-social perspective, with special attention to partial imitations, synkinesias, and the number of attempts. Unfortunately, such a standardized, valid, and reliable qualitative imitation test for very young children does not yet exist. It is our intention to develop such an imitation test to evaluate the fluency and accuracy of the imitation performance of very young children to further the research in the early diagnosis of autism.
Conclusion
In this study, imitation problems in autism were investigated from a non-social, motor-developmental point of view. Imitation in children with autism usually requires more effort (more attempts), is less exact (more spatial error types), and is less mature (less mature imaginary grip and more immature mirror-image imitation) than in appropriate comparisons. These findings support the idea that the underlying mechanisms in motor imitation problems in autism are linked to the action production system and not to the action conceptual system. Behavioural errors were not relevant. The development of the action production system seems delayed rather than defective.
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